Background: Minimally invasive surgery (MIS) for trauma in pediatric cases remains controversial. Recent studies have shown the validity of using minimally invasive techniques to decrease the rate of negative and nontherapeutic laparotomy and thoracotomy. The purpose of this study was to evaluate the diagnostic accuracy and therapeutic options of MIS in pediatric trauma at a level I pediatric trauma center.
INTRODUCTION
Laparoscopic and thoracoscopic surgery have gradually become an accepted diagnostic and therapeutic modality in the treatment of pediatric trauma. [1] [2] [3] [4] [5] In the hands of experienced surgeons and in appropriate situations, minimally invasive surgery (MIS) has helped to eliminate the need for open procedures. 6 -14 Physical examination can often be challenging and unreliable in the pediatric population. In children with equivocal laboratory or imaging findings, laparoscopy and thoracoscopy are better methods for establishing a diagnosis without the sequela of open surgery. One of the advantages of MIS is that it avoids extensive open procedures that produce negative findings or identify injuries that do not require repair (nontherapeutic). More important, MIS leads to less pain, quicker recovery time, shorter hospital stays, and decreased financial burden. 3, 5, 10, 11, 13, 14 The purpose of this study was to review our institution's experience in using MIS as a first-choice modality in managing cases of pediatric trauma over the past 2 decades.
MATERIALS AND METHODS
A retrospective study reviewing the past 20 years was performed at the Maria Fareri Children's Hospital of Westchester Medical Center, a tertiary care center with an American College of Surgeons level 1 pediatric trauma designation. After institutional review board approval was obtained, a list was compiled of all pediatric patients (age range, 0 -15 years) who had sustained traumatic abdominal or thoracic injuries that required intervention. All patients in this study underwent diagnostic laparoscopy or thoracoscopy. Patients who required immediate open operations were excluded from the study. Data included the age and sex of the patient, type and mechanism of injury, initial laboratory and imaging findings, and method of intervention (MIS vs open).
Surgical Technique
All procedures were performed in patients under general anesthesia. The peritoneal cavity was accessed via an infraumbilical port. In cases of abdominal stab wounds, one of the wounds was used for initial port entry.
In patients with prior abdominal or laparoscopic surgery, we recommend a visual trocar with left upper quadrant entry. Two 5-mm ports are placed in the left lower quadrant. This position generally allows for total inspection of the peritoneal cavity. A fourth 5-mm port can be placed in the right side of the abdomen, if necessary. A careful systematic examination of the whole abdominal cavity is conducted. The liver and spleen are carefully inspected, and the stomach, duodenum, and diaphragms are evaluated. The lesser sac is opened to rule out pancreatic injury. The whole intestine is inspected, from the ligament of Treitz to the ileocecal valve, including the colon and rectum. Retroperitoneal hematomas are observed for expansion but are not opened or explored. It is important to evaluate the mesentery to rule out bleeding or mesenteric tear, which can cause internal hernia. Blood and clots must be evacuated, to facilitate a thorough evaluation of some of the involved areas.
The surgeon must be aware that some areas, such as the third and fourth portions of the duodenum, the pancreas, and the retroperitoneum, are difficult to evaluate. Further imaging may complement the laparoscopic examination.
RESULTS
Twenty-three patients were treated by MIS at the Maria Fareri Children's Hospital between 1994 and 2014. There were 17 boys and 6 girls (mean age, 9.3 Ϯ 4.47 years). Most injuries (69.5%) occurred in children in grade school and beyond. The majority of the injuries (78%) were caused by blunt mechanisms; there were 5 (22%) penetrating injuries. These frequencies are a reflection of the type of trauma that occurs in our catchment area. All patients, with the exception of those with stab wound trauma, underwent radiological imaging before they were taken to the operating room. Positive findings on computed tomographic (CT) scans included hemoperitoneum (Figure 1) or pneumoperitoneum, active extravasation of contrast, and the presence of free fluid.
Twenty-one patients underwent diagnostic laparoscopy and 2 patients had diagnostic thoracoscopy; 16 of 21 (76%) diagnostic laparoscopies and 2 of 2 (100%) diagnostic thoracoscopies had positive findings. The various types of injuries included bowel perforation (Figure 2) , abdominal wall defect, diaphragmatic laceration, intraabdominal hematoma, mesenteric tear, lung laceration, and pancreatic injury. After positive findings on diagnostic laparoscopy, 6 (37.5%) patients had laparoscopic repair, and the remaining 10 (62.5%) underwent conversion to open repair. After diagnostic thoracoscopy (n ϭ 2), 1 patient underwent thoracoscopic repair, and 1 had conversion to open repair. Laparoscopic and thoracoscopic repairs were performed on bowel perforations and diaphragmatic and pancreatic injuries. Open repairs were also performed on bowel perforations, mesenteric tears, and abdominal wall defects detected on diagnostic laparoscopy (Figure 3) . All results are summarized in Table 1 .
Among the 5 negative diagnostic laparoscopies, there was 1 missed injury during the initial laparoscopy. The patient was a 12-year-old boy who was involved in a bicycle accident with a handlebar injury and was found to have a hemoperitoneum in the subhepatic and paracolic gutters on CT scan. After a negative diagnostic laparoscopy, the patient continued to have abdominal pain. A follow-up upper gastrointestinal (GI) series demonstrated contrast leak in the third portion of the duodenum. The patient underwent exploratory laparotomy and an omental patch repair of the duodenal perforation. The duodenal injury was suspected during laparoscopy; a decision was made not to convert to laparotomy but to continue careful observation and further imaging if clinically indicated.
The length of stay in the hospital ranged from 1 to 55 days (mean, 12.8 d Ϯ 15.1). There was no mortality among the 23 patients. After discharge from the hospi- tal, follow-up outpatient visits were scheduled from 2 weeks up to 1 year. Most of the patients recovered without complication.
Three complications were identified during the follow-up visits. A 13-month-old girl who was the victim of child abuse sustained a transection of the pancreatic tail. She was initially treated conservatively with abdominal washout and drain placement. However, over the next few months, the patient had persistent pancreatitis. At 10 months after the surgery, the patient was brought back to the hospital for a laparoscopic distal pancreatectomy. In our institution, the initial management of pancreatic injuries is conservative, unless the patient is clinically unstable. We continue careful follow-up for possible complications. In this case, persistent pancreatitis was successfully managed with laparoscopic distal pancreatectomy with excellent outcome.
Another case involved a 9-year-old boy who underwent conversion to open repair for a jejunal perforation and developed a wound infection at the incision site 2 weeks after the operation. The wound was opened and allowed to heal by secondary intention.
Last, a 5-year-old boy who sustained severe rectal injuries had perineal and rectal laceration with avulsion of the rectum and anus off of the pelvis. The patient underwent diagnostic laparoscopy, and there were no identified intraperitoneal injuries. Because of the severity of his injury, he was treated with a transverse colostomy. At his 3-month follow-up, severe stenosis of the rectum was noted. 
DISCUSSION
The paradigm for treatment of pediatric trauma is rapidly changing, as surgeons become more comfortable and competent in minimally invasive surgery. 3, 5, 6, 12, 14 Our institution's experience over the past 20 years parallels the current literature in pediatric trauma. Laparoscopic surgery in pediatric abdominal trauma has been shown to reduce negative and nontherapeutic laparotomy rates by 40% to 60%. [2] [3] [4] [5] [6] [7] [8] In our study, 4 of 21 (19%) negative laparoscopies did not require any intervention. One of the most common fears about the use of MIS in pediatric trauma is the possibility of missing an injury that might have been found by laparotomy. However, the current literature has estimated missed injuries by diagnostic laparoscopy to be close to 0% in pediatric trauma. [2] [3] 7, 9 Of the 21 diagnostic laparoscopies for trauma performed at our institution, we had 1 missed duodenal perforation on initial laparoscopy. The injury was identified on a postoperative upper GI series and repaired by laparotomy. Although the duodenal injury was missed during laparoscopy, visualization of the duodenum raised enough suspicion of the injury to warrant careful follow-up and further imaging to exclude a duodenal injury. The outcome in this patient was excellent, and other injuries were excluded by laparoscopy.
In addition to its diagnostic capabilities, MIS therapeutic interventions are possible in up to 65% of cases without conversion to an open procedure. 7 Definitive repair using only MIS techniques was achieved in 38.8% of our cases of abdominal and thoracic traumatic injury.
The management of solid-organ injury in pediatric patients continues to be mainly nonoperative.
The average length of hospital stay of our trauma patients was under 2 weeks. Patients who were underwent MIS repair stayed in the hospital for a mean of 7 Ϯ 1.9 days. For patients who required open repair, the average duration of hospitalization was 15 Ϯ 15.1 days. The difference in hospital stay between the two groups was not statistically significant (P ϭ .18), most likely because of the great variability among our patients. Patients who needed open repair may have presented with more critical injuries and hemodynamic instability. Length of hospitalization also depended on coexisting severe injuries that required prolonged care.
CONCLUSIONS
The use of laparoscopy and thoracoscopy in pediatric trauma can avoid unnecessary laparotomy and thoracotomy. Some of the injuries encountered can be re- paired by a minimally invasive approach. If conversion is necessary, the use of these techniques can guide the placement and size of surgical incisions. We recommend that laparoscopy and thoracoscopy be the primary intervention in hemodynamically stable pediatric patients with traumatic injury, when clinically indicated.
